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Wp» JOW THOMPSON-KEMmCXyiT LiMTTBP, 

a Ccmpoasy legisteied undar 1h& laws of 
Oieat Bntain» of EtdogshaO. WdveduuniH 
ton, in lha County of StafikHd, Rnglflnd^ do 
htsa^ dfldaiEe me towdcm* for -vhkh yrf> 
my tiiat a pat6iixt nuiy b& gran^ 
up me&od hy v/Udtk it is to be pgrfonncd, 
to ho particmady described in suod by the 
fdkmlng statem^: — 

The mseat mvention cdates to a method 
of paickiog a s?eceptacle with oommiimted 
mat^ial and pardculady but not esxclufiively. 
to Si method of pecking a cosnpaittnent of 
an dectsodialysis apparatus with an Ion ex- 
change xesk. Hie apparatus may. for ex- 
ampfe, be an ekotn>difilyBi6 ^rparatos as 
desbdbed in the Cooo^Iete Speofic^n of 
oxa oo-pending Paitent Apmcatson No. 
14S25I59 (^csM No. 893.051^ 

Some <^b3nnihiuted materials, for exam|£e 
ion eschange resins, a^ dif&cmlt to pack 
into a seo^rtade when wet because 
particles become tacky and stick not ohlv to 
one ano^^ but to anyHdng else with whidi 
they come into contact Such materials can 
be packed onto the receptade in the (ky 
state but when they become wet, either due 
to abs(»^Qa of water from ±q atmos|^cre 
. or because thejjr axe wet^ in use, 1h^ are 
subjiect to an inorease in yoLmne^ whixxi. in 
the case of an ion eschange lesin. is of the 
order of 12%. In some cases -dns difScuIty 
can be ov«rcoane by moooqiletdy fiSsig the 
Fecqytablel^^acalcaileitedanKmmbitt is 
not a satisfactoiy soto&m if the waSs of 
due iieceiptacle ooiisli-ucted of a sbIe- 
tivdty flon^ maiterial as. for etsample^ fbp 
memfarasies of an dectcodJalysis appdstus 
oompartmest, when the piessure 
by the increase hi yolmne of the cam" 
minuted matedal would deftmn ^ wads 

[FriceiB.€d.1 


rather than cause the mateiial to move and 
up the space diat has been left in 


it is an object the pesent inventian to 
provide an improved melhod of packing a 
leo^Dtaide with commanuted material' in 
whioi tile difflcnlties referred to above are 
mataially reduced. 

AcccHCung to one aspect of the presoit in- 
vmtion a method of packkg a receptacle 
wi& oomminmed numaial comprises pack- 
ing Iho material into the receptacle under 
pressure* supportii^ the walk of the reoep- 
tade to resist deformcEtion th^eof by the 
piessia:e ai^lied and by any pressure pro* 
duced by an increase in volume of ^e par- 
tides of the material and subsequently re- 
mo^dng the support &om the waBs. 

The material may be carded into the re- 
ceptacle entrained in a stream of conmressed 
air and the air allowed to escape. Ihe ak 
may be moEist air sodfcr the method may 
be canied out in a humidily 0(»itndled atmo- 
sphere^ 

Advantageously when the material is soch 
that it inoreases in vohime on being wetjed 
widi water a part of the receptacle is left 
unpacked and the material is wetted to cause 
it to increase in volume to fill said reoep* 
tac3^ before removing the support from me 
walls. 

Alternatively tiie matedal is carried into 
the receptade entrained in a stream of water 
and excess water is allowed to escapoi The 
temperature of the material and of water 
trapped m inteistices between pactides of 
the materiai may then be lowetned to cause 
tfie trapped water to freeze and b<»id the 
arttdes tpgetfaor. 

U the material has been carried into flie 
reOBptade in a dry atate^ it may be wetted 
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with water and the tempexatuie of the ma- 
terial and water may men be lowned to 
C8U80 the wa£n: trapped in interstices be> 
tweea paitkks of the ma^al to freeze and 
5 bond me particles togedier. 

So that ^ invention may be deady 
midetstood tiie apy^Bcaf^ of the pzesent 
method to ib& ]^a&mg of a compartment of 
an electcodialysis ai^«mtus will now be des- 
10 cdbed by way of exampley, xetosnoe being 
made to fbo accompanyu^g drawiiigs m 
vi^iich: — 

Elgare 1 Is a perspective view with parts 
brok^ away of a compartmeait of an electio- 
15 di^j^ api^uatus; 

llgQDe 2 is a section on the Ibe 11— n 
of F^g. 1; 

Figures 3 and 4 each show dia^ammatic- 
ally means for feeding a resm into a oom- 

20 p^tment; 

Figures 5 and 6 each show diagranmiatic- 
aHy installations for feeding re^ in the 
fonn of a' slurry into a compartment; and 
Figure 7 is a longitudinal section of a 

25 compartment prepared for fillmg with cesin* 
A simple dectiodial^ds apparatus oom- 
pdses a imit of three compartments arranged 
so that the centre compartmnit is divided 
from the two outer compartments^ by per* 

30 meable membranes. An dectrode is placed 
in eadi ot the outer ccmputm^ts and the 
liquid to be processed is aQowed to flow 
thxoc^ the centre compartment In a large 
ekctcodialysis- ai^iaratns there may be a 

35 lioge number of compartments disposed be- 
tween the electrode compartments, each one 
bebg sepamted from the next adjoining 
cotnpaitment by a permeable m^brane. 
Que of- axtemate compartments are 

40 t^zmed conoentrate compartments* Le. the 
compartments into which ions migrate under 
title mfluence of the eleotric current passing 
between the electrodes, and the other set of 
alteimto compartments are termed diluate 

45 comp^tments Le. the compcutments £com 
whidb the ions migrate. Generally the 
volume of the concentrate compairtments is 
made smaller than tiiat of ^ diluate com* 
partments. 1^ making the dxs^tance betweai 

50 tii^ bounding membranes smaller, bec^zse 
the flow <^ liquid through a concentrate com- 
partment is made as smaU as possible from 
an economic point oi view. 
Esudh. Gompartnent whe&er diluate or caor 

55 centrales oomisises an annular stpaivtci 1 
of rectangular or square shape havmg on 
each side a permeame membrane 2 to soon 
a closed central space 3. Passages 4 are 
formed in opposed separator ends (or sides) 

60 to permit the Uquid to be dialysed to flow 
into and out of me central space 3 at a pze- 
. determined xBte. FieEKably .means is .pro* 
vided to anise tiie liquid to flow over the 
wholo vadaco of ihe membrBo^s bomiding 

65 die central ^aoe and for purpose mits 


5 may be provided at the ends of the eepar- 
ator adfaooit tbe pass^es. 

The QGSiiial space 3 ma^ be packed with 
commini^ed matedal 6 insoluble in the 
liquid being passed tiierethrough to act both 70 
as a sappoit for the membranes 2 and to 
spicead the Mouid over tiie surfEtce of the 
membranes. Ion exchange resins iQ» par- 
ticulaiiy suitable for this purpose as they 
decerase the electrical re^stance of the com- 75 
partment if wat^ cm^aining a low ccmcen- 
traticm of salt is bdng desalted thecem and 
also considerably decrease polarisation at 
the m^brano siK£ace» The ion ^change 
resins may be aidcm or cation resins or a 80 
mixture <^ both. When the central space 3 
is packed \nth comminuted material means 
must be ^lo^ided to prev^ die material 
from passmg out of the space 3 wi& the 
liquid bein^ dialysed, such means may be ^ 
tbe wefe 5 referred to above. 

Gaskets 7 may be provided between the 
membranes 2 and the separator 1 to ensure 
diat the liquid ent^ing and leaving the c^- 
tral space o does so ^y through die pass- dO 
ages 4 provided. 

The separator may be provided with a 
scalable port (not ^wn) in one of its walls, 
odior tiian die walls containing die liquid 
flow passages^ to permit comminuted ma- ^ 
terial to be introduced into tiie central space 
after that space has be^ sealed by the posi* 
lioning of the membranes^ 

Separators of the typ& iust described are 
described in gieata: de^ in the Completo 100 
^edflcation of the Applicanf s co-pei»ii|g 
ApgMc^tion mentioned above. 

The compartm^ts may be filled accord- 
ing to the present method with the ion 
exchaoge re^ in a dry state^ a wet state or 105 
a dii^ersed state ihst is in tihe form of a 
thin sliHry. Pt^erably the resm is packed 
into the compartm^ under sufQcient p3^- 
sure, for example at least 10 lb./sq« in^ for 
ttxe resin to resist fnrtii^ packing when the. HO 
c<»npartment is put into operation. 

To feed the resin into the compartment 
in a dry state» the resin is first brought to 
the required de&eo of dryness by a sta^ in 
a humidi^/ doamber. A predeteomned 115 
quantity or the sesin. which is 12% by 
vohnne less dian that theoretically required 
to fill die compartment, is withdrawn from 
the chamber and passed to a feeder device^ 
The feeder device comprises a chamber 8 120 
having an outlet 9 commmucating with die 
compartment and an inlet 10 ^mmgh whkii 
oon^tessed ak at ^rpronmately -20 lb./sq. 
in. can be supplied. The commessed air, 
wUdh is itf mo same humimty as the 1£5 
hnmidhy cbamber; farces resin 11 hito 
the compartmeot as wHl be described later. 

To fera die xsm into the compartment in 
die w»t states the resin is mixed with a qnan- 
tiQr of water slighOy in esccess of diat iK^dch 180 
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win be absQifoed by the fesin part^ftlfy them- 
selves to fom a damp mass. A quantity 
12 of the wet resin snfiSdcut to fOl 
compartment is pished in a container 13 &om 

d which it is foiml as a '^ng^ Ihscmgh an 
(mdet 14 and into die ocBavprnmasl by feed- 
ing water nnder tsessnre mto Ibe ooolaaier 
B duongh an intet 15. 
To feed the resm into the oompartmeDt in 

10 the fonn ol a thin slnny. the lesm is oon- 
tinnonsfy fed kom a soinoe 22 into a recep* 
tade 16 which is also supplied with water. 
The receptacle 16 ds provided with a stizier 
17 which causes the resin to be mdformly 

15 di^)ersed throughout the water. The resin 
slucry fooned is fed via a p^)e3ine 18 into 
the compartment by means d!. a pump 19 
and the excess water escaping from the ceo- 
teal space of die compartment through iht 

20 liqiiid inlet and oatlet passage 4 is fed back 
to the receptacle 16 tmoi^ a pipdine 20. 
Alternatively, water can be puxnped into a 
mixing vessel 21 constantly sumiHed "wtQi 
itesin Icom a source 22 so that the flow of 

25 water thcoug^ 1^ vessel 21 causes the lesin 
to be carried with the water into fte com* 
paxtm^it. 

To fiU the large numb« or "etadkT of 
compartments fcnming the normal industrial 

ao efectrodialysis pdant one of the fdbwmg 
procedures is adopted. 

A stack of compartments each comprising 
membrane, gasket, separator, gasket, mem- 
brane is tet assembled with the central 

35 space of each compartment left emptv of 
resin. The m^branes ate ihen r^pA^ as 
by passing a^ through ^ compartmmts, 
whoi tiiey sioink and tighten Hke a drum 
skin. As the memfaranes do not immedi- 

40 ately assume their original dsnendon on 
b&ng rewetted the zesin is fed in the wet 
states under a water presfiin!e ot at least 10 
Ib./sq. in. simultaneously into all of the 
compaiiments through the port provided in 

45 the ^de wall of eadi s^aralor. 

U desired ^pacers may be inserted in the 
compartments to prevent ihe membranes 
sagpng into ccmtact with each other and so 
that any t^ul^y for the swdHng resin to 

•50 deform the membranes can be resisted by 
applying pressure at each end of the 
stack. 

Another procedure wJxich may be adc^ted 
is to i^acQ a sheet 23 of pdlyethylene on a 

55 flat surface 24 for exam;^ a metal or plastic 
plate» and place a m^brane 25, gas&t 26, 
separator 27, gasket 28. membrane 29, in 
that Older on top. A second sheet 30 of 
polyethylene is attached to a Jlat metal or 

60 jdakic plate 31 to prevent it sag^ng and is 
placed ov(^ the iipper membrane 29. Tho 
polye^ylene sheet 30 may be attached to 
the plat? 31 by, for example B:gp\ykig water 
or a waxy or greasy substacoe e.g. petroleum 

^ jeQy, lo a fiice of the plate before ap^]fjng 


die sheet to it or by genoatmg electrostatic 
charges in the sheet and the plate by rubbing 
th^. The polyethylene sheets 23 and 30 
are provided to prevent the membranes 25 
and 29 when wet from stiddng to tiie plates 70 
34 and 31 respectively. Pressure is then 
applied to Che upper ^te 31 dtiiw by 
means of a press <s by damping the upper 
and lower plates 24 and 31 together so mat 
die gaskets 26 and 28 ace compsessed thece- 75 
by making the compartment water t^t 
around pedphfity. Resm is now fed iito 
the compartment through a port (not shown) 
provided m the ade wall €i the sspatatxx. 
The resin may be in tiie dry state^ wet state 80 
or in the form of a tiiin sluny and is toroe^ 
into the compartment at a pressure of 20 — 
30 Ib./sq. in. excess water of ait *^p i i^ 
from the llqmd flow passages. 

WhQe the separator 27 is held t^fady 85 
against the bottom plate 24, to prevent lesm 
from passing between the lower membrane 
25 and the separator 27, the pressure on the 
upper plate 31 is released and the plate 31 
and poftrethykne sheet 30 removed. A gasket, 90" 
separator, ^tsk^ membrane are then placed 
on top of 5ie first C(Hitpartment to form the 
second compartment and the pdyethykme 
30 sheet and upper pdate 31 replaced 
sure is again applied to liie upper pkte and 05 
the second compartment is then flDed in the 
same manner as the first compartment. 
This ^rocedme is repeated until the statk 
comprises the required number of compaitr 
memts. 100 

Lu^ may be i^ovided on the sepaartor to 
enable i^essuie to be applied to it wbssx 
the tc^er i^ate is removed. 

It w;dl be appreciated that if the compart- 
ments are bcmg filled with dry resin* the 105 
reshi ha^ subseguen^y to be wetted and 
'diis «5.|a^erably left until after the next 
f oQowing ccHnpentment lias been filled. 

In a &cther ptooedisre the first stages are 
as }u8t desQEibed except that the upper mem- 110 
brane is omitted and the resin is fed into 
die canmanmesit tixzough an ^erture .Oi^^ 
shown) tooned' substantially centrally of the 
u^er metal phto 31 and pc^ethylene sbeet 
30. When die compartment is filed wifh 115 
resin, the resin being wetted if the <ky fil- 
ing tedmique has been used, the tempeia- 
tioe of the comj^artmeot is broughit dowii to 
b^w tbe teezmg poii^ of the water and 
maintained there U2& a handleable mass of 120 
re^ pfirtteles held togcth,^ die loxxost^ 
tion ol ice in the interstices between idle par- 
ticles is obtained. The presstse on the 
upper metal plate 31 is then rdeaaed, fi» 
plate 31 and polyediyl^ sheet 30 removed 125 
and the second mmhrane placed in posi- 
tion. The second and further comport- 
ments may now be built up on the first, eadh 
conroattment being frozen after it has been 
fined and mSv^mfA the fitozen state 180 
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an^ the stack is completo and ^ dectvo- 
dialysis apparatus is erected* 
If dfisked eadi ocHnpartinent iaay be con- 

fi until zequHcd to fc^ part of a stack, m 
dxis case tile prassme tm. the fdate 31 is xe* 
leased and ^ vla^& removed bat tbe polv- 
ethyleaie sheet 30 is aBowed to xemmn in 
t^HoQ to premit evapciatian of ^ rntesr 

ip beiocb it k frozen. 

. The polyj^yiQie sheets 23 and 30 ate 
provided to pr&vesit the wet resin <x mem- 
brane, as tile case may be^ from fineezing 
on to the plates 24 and 31 respectively, it 

15 has been found that after &eezaig tiie plates 
can be easily parted from ihe polyethyiene 
sheets and the latter can tiieKL be peeled cS 
the fcozesL resin. ^ 
It has been found diat the tenmenatoxB 

20 of a lesin fflled compartmeiit should not be 
reduced htHow about minus lO"* CX othesr- 
wise die particles of resin may be ruptuoed 
doe to the f<M3n^on of cty^als of frozen 
fiqold witlm the part»^ itself. It will be 

25 uqdexstood that the fiqpdd. witUn tbe par- 
tide is* a sdludon and wili liieiefoie have §. 
lower fceezfaig point tiiaoi ifae sdbstandally 
pnie wato added io the paitlcJes dmiiig the 
compactnifistt f^ing cKEDCess* 

aa vmifiT wb cuok is:— 

1. Amediodof jkaddnganec^Jtademdi 
oammlnuted mateoal . ccw^six^ paddng 
the wiftterial into the xeoeptade under pies- 
sure^ supcxkttng tbe walls of tiie receptacle 

85 to'bsist defoicmatkm thereof by the pcessuie 
^ijilied and \fy any pressure produced 1^ an 
inciease in vdume <tf Ae pertkles of die 
ttifttArfflt and subsequsnlfy temoving ilie sap' 
port tcom the walls. 

(0 2. The method according to Qaim 1. 
herein die matedal is caizied into tlie re- 
ceptacle entrained in a stream of compressed 
air and the air allowed to escapoL 

3. The xne&od accoidlng to Oaim 2^ 
i5 wherein "die air is moist 

4. Hie mediod according to Claim 2 or 
3, ^etdn die paddng is effected in a 
hnn^ly oontaned atmosphere. 


S. Tbe mediod according to Claim 2, 3 
or 4 wherein wbi^ the mat^ial is such diat 50 
it increases in volume on behig w^^ widi 
water a pan of the rec^tade is left un- 
padoed and the matedal Q wetted to cause 
It to incsease in volume to M said rec^ytade 
b^oz^ removing die si^port from the walls. 65 

6w The meftod aocor^ng to Qaim 1» 
wherein die matstiBl is earned into die re- 
ceptade entrained in a stream of wa^ and 
access w^er is allowed to escapa 

7. The method according to Claim 6, 60 
wherein the tsmpmture of w matedal and 

of wat« tolled in intiorstioes between par- 
tides of the matoial is lowered to canse the 
^ed wata* to ficeeze and bond die par- 
fes $D«edier. ' ^ 

8. Ine mediod aocciding to Claim 1 <x 
Claim 2. wherein subse^ient to its pack- 
big widun die ieoep(as»e die m^erul is 
wetted widi water and die temperatme of 
the material and water is lowered to cause 70 
the water tt^ped in inteistices between par- 
tides of die matedal to freeze and bond die 
parddles together. 

9. A rec^jtadepadced widi comminuted 
matedal by the mediod of any one pf tbe 7^ 
preoe^ng dahns. 

10. A conmartment of an dectrodial:^ 
appmitus pfidbed with a comminuted ion 
exchange r^^ by the method of any one of 
Oaims 1 to 8. 80 

11. A method of packing a xecm)tade 
widi commhiuted ma^^ sobstandaUy as 
herm descnhed widi leferasee to His. 1 
and 2 and aiQr <me of Bgs. 3 to 7 <n the 
accompanying 
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